The effectiveness of flow cytometric assays for canine use is still requiring standardization. Despite several studies using purified mononuclear cells, no methodology or reference ranges are available for immunophenotyping of whole blood leukocytes (WBL). Fresh and pre-fixed WBL were used to identify cell-subsets, (Thy-1 + /CD5 + /CD4 + /CD8 + /CD21 + and CD14 + ) and measure MHC-II, CD45RA/CD45RB expression. We described here an efficient method for fast quantification of canine-WBL, using pre-fix in a microplate assay, which allows long-term sample storage prior to phenotyping. Decreased percentage of CD5 + -T-cells within the lymphocyte-gate and increased percentage of CD21 + -B-cells were observed in young animals, which led to higher T/B cell ratios in middle-aged dogs. Lower numerical counts of Thy-1 + , CD4 + , CD8 + and CD21 + lymphocyte were observed when compared to young animals. In addition, we identified an age-related decline of MHC-II/ CD45RA expression by lymphocytes. We proposed an improved method for phenotyping of canine peripheral blood mononuclear cells (PBMC) that has significant use for researchers and veterinary clinicians. The hematological changes of senescence previously identified on PBMC could be adequately reproduced on features identified by whole blood. Furthermore, this study supplies normal range references as baseline standards for clinical purposes, besides specific immunological parameters to monitor canine aging process. #
Introduction
The dog has been used as an important model to investigate both experimental and natural veterinary disorders such as autoimmune or immune mediated diseases (Williams, 1997; Pedersen and Pool, 1978) . Considering the pathological similarities between dogs and humans in many diseases caused by infectious agents, several studies have utilized these animals as an alternative model to evaluate parasitehost interactions. Moreover, recent advances in the immunology require improvement of the methodology to be applied in clinical and experimental systems. Therefore, significant effort is being devoted to the development of new methods focusing on the diagnosis, prognosis and the evaluation of therapeutic and vaccine protocols for use in routine clinical veterinary (Williams, 1997; Cobbold and Metcalfe, 1994; Pinelli, 1997) .
Flow cytometry is a well-established methodology in clinical laboratories to identify cell populations and subpopulations in a broad variety of biological fluids. A large number of flow applications are becoming available due an increase in our ability to simultaneously measure distinct cell phenotypes, such as morphological features, as well as fluorescence-based protein profile. Lymphocyte phenotyping is a common application of flow cytometry and has been used to analyze the impact of diseases on the immune system, through alterations on the leukocytes of interest in clinical medicine (Jaroszeski and Radcliff, 1999) .
Flow cytometry has become an even more promising tool to characterize a variety of cell subsets in several animal species, with a great interest and emphasis on studies in canine clinical veterinary. However, the effectiveness of flow cytometric assays is still requiring standardization, especially in clinical settings. Over the past few years, the major challenge has been the lack of specific reagents to investigate canine cell biology. The Canine Leukocyte Antigen Workshop (CLAW, 1994) was a key event to encourage the scientific community to search for new flow cytometric approaches to identify canine cell subpopulations. However, to this date, despite several studies using purified canine PBMC (Byrne et al., 2000) , hardly any methodology or reference ranges for lymphocyte subsets in whole blood have been published or made available to the scientific community (Otani et al., 2002) .
In this study, our major goal was to develop and standardize a methodological process, named pre-fix, for canine leukocyte phenotyping, using erythrocyte previously lysed and leukocyte fixed whole blood samples. Considering the molecular stability of canine cell surface markers after fixation with formaldehyde, the pre-fix protocol brings great advantages to cell phenotyping, increasing the perspective of applying this methodology to field studies, where shipment facilities may not be available and storage could interfere on the phenotyping results. The results reported here also contribute to improvement of our ability to run a fast and efficient analysis of canine WBL subsets, applicable for the monitoring of several disorders, including onco-hematological syndromes, autoimmune and infectious diseases. As a major gain, our data supplies normal ranges references for young and middle-aged mongrel dogs, as baseline standards for clinical purposes and use this methodology on a study related to aging of dogs.
Materials and methods

Animals
Forty mongrel dogs, 20 males and 20 females, age ranging from 4 months (young, n = 20) to 6 years (middle-aged, n = 20) were maintained in quarantine, confined in the kennel at the Institute of Biological Sciences, Federal University of Minas Gerais (UFMG), Brazil. Prior to the inclusion in this study, all animals were treated for intestinal helminthic infections and immunized against parvovirosis, leptospirosis, distemper, parainfluenza and hepatitis. All animals received drinking water and a balanced feed (Kinus 1 -BRASWEY-AS) ad libitum. All procedures in this study were according to the guidelines set by the Brazilian Animal Experimental College (COBEA).
Ethics
This study was approved by the Ethical Committee for the use of Experimental Animals of the Universidade Federal de Minas Gerais, Brazil (CETEA).
Blood sample collection
Peripheral blood (5 ml) from the braquio cephalic vein was collected into EDTA containing tubes (final concentration of 1 mg/ml). Hemogram was performed in each sample (Coulter MD18, USA). All samples were maintained at room temperature up to 12 h prior to processing.
Immunophenotyping by flow cytometry
Monoclonal antibodies
Unlabeled canine monoclonal antibodies anti-Thy-1 (Rat-IgG2b-Clone YKIX337.217), anti-CD5 (RatIgG2a-Clone YKIX322.3), anti-CD4 (Rat-IgG2a-Clone YKIX302.9), anti-CD8 (Rat-IgG1-Clone YCATE55.9), anti-MHCII (Rat-IgG2b-Clone YKIX334.2), anti-CD45RA (Rat-IgG2b-Clone YKIX753.22.2) and anti-CD45RB (Rat-IgG2b-Clone YKIX716.13) were used in an indirect immunofluorescence procedure. Pooled rat normal serum diluted 1:6.000 was used as isotypic control for indirect immunoassay. FITC-labeled IgG sheep antirat polyclonal antibody was used as secondary antibody for indirect immunofluorescence. Nonspecific binding of second step reagent was blocked with pooled normal sheep serum in phosphate buffered saline (PBS) containing 10% of fetal bovine serum-PBS/FBS (GIBCO, Grand Island, New York, USA).
FITC-labeled mouse anti-human-CD21 (MouseIgG1-Clone IOBla) and PE/Cy-5-conjugated mouse anti-human-CD14 (Mouse-IgG2a-Clone TÜ K4) mAbs were used in a direct immunofluorescence procedure.
In an attempt to identify the best dilution for each assay, mAbs were previously titered in a solution of PBS containing 1% bovine serum albumin and 0,1% sodium-azide (PBS-BSA).
Unlabeled mAbs and anti-CD14 mAbs used in this study were purchased from SEROTEC (Oxford, UK) and anti-CD21 from Immunotech Co. (Marselle, France).
2.4.2. Preparation of pre-fix leukocyte suspensionerythrocyte-lysed and leukocyte-fixed whole blood samples A sample of 1 ml of EDTA whole blood was transferred to a 15 ml polypropylene tube, V-shaped bottom (FALCON, Becton Dickinson, Moutain View, CA). Erythrocyte lysis and WBL pre-fixation were performed by slow addition of lysis solution until the total volume reached 13 ml (FACS lysing solution (FLS), Becton Dickinson, Moutain View, CA) and immediately submitted to vigorous vortex agitation. The FLS is a hypotonic solution containing less than 50% diethylene glycol and less than 15% of formaldehyde able to preserve the WBL morphometric features and fix them prior immunophenotyping. The cellular suspension was incubated for 10 min at room temperature (RT) followed by centrifugation at 450 Â g, for 10 min, at RT. The supernatant was discarded and the pellet resuspended in 13 ml of phosphate buffered saline (PBS 0.015 M, pH 7.2). The cell suspension was homogenized and submitted to an additional centrifugation at 450 Â g, for 10 min, at RT. The pellet was homogenized and resuspended in 10 ml of PBS/fetal bovine serum (FBS). After centrifugation at 450 Â g, for 10 min, at RT, the supernatant was aspirated, and the pellet resuspended in 500 ml PBS/FBS. The number of events was previously adjusted for 1500 events/s/per tube. For quality control assessment, 60 ml of pre-fix leukocyte suspension was added to 340 ml of FACS FIX solution (10.0 g/l paraformaldehyde; 10.2 g/l sodium cacodylate and 6.65 g/l sodium chloride, pH 7.2) and run in the flow cytometer. The pre-fixed WBL suspension maintains their phenotypic profile stability after at least 1 month of long-term storage at 4 8C.
Microplate assay for canine whole blood leukocytes phenotyping
The protocol for immunophenotyping of fresh blood samples was carried out as follow: in 12 mm Â 75 mm polystyrene tubes, 30 ml of fresh whole blood were incubated with 30 ml of previously diluted primary rat anti-canine cell surface markers at RT for 30 min in the dark. Following incubation, the cells were washed with 2 ml of PBS and centrifuged at 800 Â g for 10 min at RT. The cells incubated with unlabeled primary antibody were reincubated at RT for 30 min in the dark, in the presence of 60 ml of previously diluted FITC-conjugated sheep anti-rat IgG antibody. Labeled cells were fixed and the erythrocyte lysis performed by adding 2 ml of lysis solution (FACS Lysing Solution, Becton Dickinson, Moutain View, CA) for 10 min in the dark at RT. Canine-WBL were washed twice with 2 ml of PBS and centrifuged at 400 Â g for 10 min at RT. After the washing procedure, the labeled cells were fixed for 30 min with 300 ml of FACS FIX solution before analysis in the cytometer.
The immunofluorescence assay for pre-fix canine-WBL was carried out as follows: in 96 wells, ''U'' bottom plate (LIMBRO Biomedicals, Inc. Aurora, Ohio), 30 ml of canine-WBL suspensions were incubated at RT for 30 min in the dark, in the presence of 30 ml of previously diluted anti-canine cell surface markers. Following incubation, the cells were washed with 140 ml of PBS and centrifuged at 800 Â g for 10 min at RT. The cells incubated with unlabeled primary antibody were reincubated at RT for 30 min in the dark, in the presence of 60 ml of previously diluted FITC-conjugated sheep anti-rat IgG antibody. After a second washing procedure with 200 ml of PBS and centrifugation at 800 Â g for 10 min at RT, the labeled cells were fixed for 30 min with 200 ml of FACS FIX solution before analysis in the cytometer.
Each assay included an internal control for nonspecific binding in which the cells were incubated with the same dilution of FITC-conjugated sheep anti-rat IgG antibody alone. The stained cells were stored at 4 8C up to 24 h before cytofluorometric analysis.
Flow cytometry data storage and analysis
Flow-cytometric measurements were performed on a FACScan instrument (Becton Dickinson, Moutain View, CA) interfaced to an apple G3 Workstation. The Cell-Quest software package was used in both data acquisition and analysis. A total of 10.000 events were acquired for each preparation. Canine-WBL was identified on the basis of their specific forward (FSC) and side (SSC) light-scatter properties. Following FSC and SSC gain adjustments; the lymphocytes were detected based on their characteristic FSC versus SSC distribution. The lymphocytes were selected by gating on the FSC versus SSC graph. Fluorescence was evaluated based on the spectra of FITC and Cy5-PE on FL1 or FL3 single-histogram representation. The monocytes were analyzed by fluorescence intensity detection on single histograms directly on ungated leukocytes. For data analysis, a marker was set on the internal control for unspecific binding, in order to confine over 98% of the unlabeled cells. This marker was used in all data analysis for a given animal.
The results were expressed as percentage of positive cells within the selected gate, for cell surface markers presenting bimodal distribution. (Thy-1, CD5, CD4, CD8 and CD21), semi-quantitative analyses were performed to evaluate differential expression of cell surface markers presenting unimodal distribution (MHC-II, CD45RA and CD45RB). In these cases, the results were expressed as mean fluorescence intensity (MFI) on a log scale.
The data were also expressed in absolute counts, which allow the normalization of data from groups whose overall leukocytes counts may differ. The absolute counts for lymphocytes and monocytes were obtained as: (global leukocyte counts Â percentage of lymphocytes or monocytes in hematoscopy)/100. Absolute counts for lymphocyte subsets were further calculated as: (lymphocyte absolute counts Â percentage of fluorescent positive cells within lymphogate)/ 100.
Statistical analysis
Statistical analysis was performed using the Minitab 9.2 software package. One-way analysis of variance (ANOVA) was used for the comparative studies between groups. Student's t-test was used to identify significant differences between the group averages. The differences were considered significant when the probabilities of equality, P values, were 0.05.
Results
3.1. The use of pre-fix WBL in a microplate assay allows long-term sample storage In order to evaluate the effect of pre-fixation on the binding of anti-canine mAbs to the cells surface markers, we performed a study in which immunophenotyping of fresh whole blood samples were compared to a pre-fix preparations. Those experiments allowed for evaluate the molecular stability of canine cell surface markers after fixation with formaldehyde. Fig. 1 shows a typical profile of fresh (1A) and pre-fix WBL suspension (1B) regarding forward scattering (FSC-size) and side scattering (SSC-granularity) parameters (top dot plots). To further assess the phenotyping profile stability after long-term storage, pre-fix samples were stored at 4 8C, for one month (Fig. 1C) . The fresh and pre-fix samples used for comparison were derived from the same blood specimen from the same dog. Our data demonstrates that pre-fixation process (Fig. 1B) did not disturb the canine-WBL laser scattering properties, preserving FSC (size) versus SSC (internal complexity-granularity) profile when compared to fresh samples (Fig. 1A) . Moreover, long-term storage (1 month) did not alter the referred parameters (Fig. 1C) . Interestingly, we observed that except for CD14 marker on monocytes, structure of canine lymphocyte surface markers was preserved after fixation with formaldehyde, since labelling of pre-fix did not differ from those observed for fresh whole blood samples. Bottom histograms on Fig. 1 shows that CD14 was undetectable on pre-fix in comparison to fresh samples. However, the CD14 labelling was preserved after fixation with formaldehyde, once the labeling step was performed prior to fixation (Fig. 1C) .
Semi-quantitative analyses of cell surface markers presenting unimodal distribution (MHC-II, CD45RA and CD45RB), were also stable for immunophenotyping after fixation, with no changes on fluorescence intensity distribution as determined by MFI on a log scale analysis (Fig. 2) .
Using samples from different animals in parallel studies we certified that phenotypic stability after fixation was not an artifact (data not shown).
Based these data, we established the pre-fix condition as a new methodology for use in field studies.
3.2. Decrease on lymphocyte and increase on monocyte counts are hematological hallmarks of canine aging Age-related changes on hematological features were investigated by automated hematological counting. In addition, conventional panoptic staining hematoscopy for leukocyte count assessment and differential analysis of leukocyte populations were also used.
Our data demonstrated that despite the fact that we did not observe any differences between sexes, hematological parameters showed a significant decrease on total lymphocyte and an increase of absolute monocyte counts in middle-aged-dogs when compared to young animals (Table 1) . No significant differences in absolute counts between young and middle-aged dogs were observed for total leukocytes, granulocytes, neutrophils and eosinophils.
Taken together, these results show a typical lymphocytosis in young dogs, with lower counts as the animal ages. On the other hand, monocyte counts revealed a distinct profile of higher values in middleaged animals.
No significant differences were detected between males and females for all parameters analyzed.
An increase on the percentage of CD5
+ T-cells, decrease on CD21 + B-lymphocytes and unaltered CD4 + /CD8 + ratio are observed with aging
In order to validate the microplate assay for canine flow cytometric assessment, we characterized canine-WBL subsets in pre-fix preparations. A cross-sectional study was performed to evaluate the effect of aging on lymphocyte subpopulations in peripheral blood of normal dogs of both sexes (Table 2 ). Our data demonstrate a significant increase on the percentage of CD5 + T-cells in aged animals when compared to young dogs. In contrast, analysis of the B-cell population shows a striking decrease on the percentage of CD21 + cells in aged when compared to the young animals (Table 2) . Together these findings demonstrate a progressive increase on CD5 + /CD21 + cells with age. 
CD21
À cells. Analysis of the T-lymphocyte subpopulation is generally obtained after whole blood sample staining with a combination of anti-CD3, anti-CD4 and anti-CD8 mAbs. Since pairs of mAbs labeled with distinct fluorochromes were not available at the time when this study was conduced, the samples were stained in a single color platform using anti-CD4 and anti-CD8 mAbs. Our data did not show any age-related significant differences on the percentages of T-cell subsets, or on CD4 + /CD8 + ratio.
No significant differences on the percentage of gated lymphocyte subsets were observed between males and females.
Young dogs presented higher absolute counts of lymphocyte subsets in comparison with aged-animals
To further investigate the influence of the aging process on canine peripheral blood lymphocyte subset pattern we focused our attention on the absolute counts of the major lymphocyte subsets. Therefore, to establish the reference values for normal dogs in different ages and both sexes we also calculated the absolute values of lymphocytes considering their (side scatter-SSC). Moreover, no changes on neither curve shape of fluorescence intensity after staining with mAbs nor percentage of positive cells for THY-1, CD5, CD4, CD8 and CD21 can be observed on single color histograms. Bottom histograms illustrate that CD14 molecule was the only cell surface marker affected by the fixation process. However, the CD14 labelling was preserved after fixation, once the labeling step was performed prior to fixation (C). Fig. 2 . Single color histograms of fluorescence intensity (FL1) representing labeled total lymphocyte population after staining with canine mAbs for MHC-II, CD45RA and CD45RB. Fresh (A), pre-fix (B) and long-term stored pre-fix (C) were tested for their immunophenotyping features. Histogram statistics were used for data analysis and the results were expressed as mean fluorescence intensity values on log scale for total lymphocytes. As observed, despite fixation process, no changes on curve shape of fluorescence intensity can be observed on single color histograms after staining with mAbs.
global count as described in Materials and Methods. Our data demonstrated that young dogs have higher absolute counts for T-lymphocyte subsets (Thy-1
, B-cells (CD21 + ) and lower absolute counts for NTNB cells (CD5 À CD21 À ) in peripheral blood when compared to aged-animals (Fig. 3) . No significant difference was observed in the absolute counts of peripheral blood CD5 + T-lymphocytes among the groups analyzed (Fig. 3) . Gender analysis did not show any statistically significant differences.
Down regulation of MHC-II and CD45RA molecules on lymphocytes is an important immunological feature during aging
Analysis of the expression of MCH-II and CD45 isoforms was performed by first gating on the The results are expressed as mean cell counts-E03/mm 3 AE standard deviation. The letters a, b, c and d represent statistically significant differences at P 0.05 in comparison to young female, young male, middle-aged female and middle-aged male, respectively. ) for each animal and data expressed as mean percentage AE standard deviation. The letters a, b, c and d represent statistically significant differences at P 0.05 in comparison to young female, young male, middle-aged female and middle-aged male, respectively. lymphocyte population followed by fluorescence intensity analysis on single color histograms as described in Section 2. The data was presented as mean fluorescence intensity on log scale for MHC-II and CD45 isoforms expression on gated lymphocytes (Fig. 4) . Our results indicated a shift towards lower expression of MHC-II molecule by lymphocytes (MHC-II low+ cells) in middle-aged in comparison to young animals. Evaluation of the CD45 isoforms also demonstrated a lower CD45RA expression on the surface of total lymphocytes from middle-aged dogs when compared to the young animals in both sexes. No significant differences were detected in the CD45RB expression.
Discussion
Flow cytometry methods, have been intensively used as routine in human medicine and murine experimental biology, have been applied to different animal species including non-human primates as well as domestic animals such as cats and dogs (Williams, 1997; Byrne et al., 2000; Lafont et al., 2000) . It Fig. 3 . Analysis of canine-WBL subsets in male (&) and female (&) healthy dogs with different age ranges. Phenotypic studies were performed using single color platform protocols, including anti-Thy-1, anti-CD5, anti-CD4 and anti-CD8 on indirect immunophenotyping assay and FITClabeled anti-CD21 on direct immunoassay within gated lymphocytes, as described in Section 2. Analysis of non-T-non-B ells (NTNB) was calculated as a resultant of (CD5 À + CD21 À ) cells. The results are expressed as mean counts AE standard deviation for lymphocytes subsets/mm provides a useful tool to rapidly quantify the relative percentage of cell subsets besides its important application in basic and clinical science. The effectiveness of its application, however, is dependent on standardization, especially in a clinical setting. For many years, application of flow cytometry to veterinary studies has been restricted by the lack of commercially available reagents (Cobbold and Metcalfe, 1994) . Recently, the accessibility to monoclonal antibodies to canine cell surface markers has greatly stimulated research on the development of standardized protocols, which establishes the basis for comparisons between different methodologies (Byrne et al., 2000) . Significant differences have been documented between phenotypic percentages for lymphocyte subsets measured by flow cytometry in healthy dogs. This fact can be explained, at least in part, by differences in immunophenotyping protocols, including sources and clones of monoclonal antibodies, methods for sample handling and data analysis. In addition, other variables such as breed, age, gender and nutrition status of the animals should be considered (Faldyna et al., 2001; Greeley et al., 2001; Heaton et al., 2002) . This variation may be due also to the fact that there is no reference numbers for the various cell populations that could help on the standardization of the data. For these reasons, in the present investigation we focused our attention in providing researchers and clinicians with a standardized protocol for immunophenotyping of canine-WBL. Further, we also demonstrate it is use evaluating age related phenotypic changes in normal animals. A great advance of the present study is the perspective of fitting the whole blood immunophenotyping protocol to field applications. Despite studies demonstrating no differences in the experiments performed using PBMC isolated from freshly collected samples or those carried-out 2 h after collection or stored at 4 8C for 12-16 h before processing (Faldyna et al., 2001) , no methodology has been published that focus on long-term sample storage. For this purpose, we have tested, in parallel studies, fresh, pre-fix and long-term stored pre-fix samples. Our observations demonstrate that phenotype and percentage of lymphocyte subsets were not adversely affected by sample pre-fixation and long-term storage, which are appropriate to the adequacy of the methodology to design field protocols. We have also observed, that CD14 molecule was the only one adversely affected by fixation. Similar data on other cell surface markers vulnerable to formaldehyde treatment have also been reported in humans (Macey et al., 1992) . Since, CD14 immunophenotyping was affected by the fixation process, we suggest CD14 staining must be performed prior to fixation step.
Another gain besides the development of a microplate assay we applied the methodology to evaluate age-related phenotypic changes in canine peripheral blood leukocytes. The present study Fig. 4 . Analysis of MHCII, CD45RA and CD45RO expression on total lymphocytes in male (&) and female (&) healthy dogs with different age ranges. Phenotypic studies were performed using single color platform protocols, including anti-MHCII, anti CD45RA and anti-CD45RB followed by incubation with FITClabeled anti-rat IgG, as described in Section 2. The results are expressed as mean MFI AE standard deviation. The letters a, b, c and d represent statistically significant differences at P 0.05 in comparison to young female, young male, middle-aged female and middle-aged male, respectively. addresses the issue of (a) whether the hematological changes of senescence previously identified on PBMC could be adequately reproduced on whole blood immunophenotyping, and (b) whether specific immunological parameters are particularly informative to monitor canine aging process.
As clinical applications of flow cytometry has became a routine practice (Chabanne et al., 2000) , the establishment of ranges for phenotype percentages of healthy animals is important as reference data to monitor alterations associated with disease. Herein, percentual analysis of lymphocyte subsets were examined in young and middle-aged mongrel dogs from 4 month to 6 years of age. Analysis of phenotype percentages of gated lymphocytes revealed a significant age-related increase of CD5 + T-cells and a decline of CD21 + B-cells that led to an increased T/B cell ratio. Percentages of T-and B-lymphocyte have been reported in different studies using PBMC phenotyping. In agreement with our findings, there is a major consensus of increased percentages of T and decreased percentage of B-cells in middle-aged dogs in comparison to young ones (Davila et al., 1992; Greeley et al., 1996; Faldyna et al., 2001; Toman et al., 2002) . Significant age-related changes in percentage of CD4 + and CD8 + T-cell subsets have not been documented on the present study. In contrast with our data, the major discrepancy identified by other authors is an increased percentage of CD8 + T-cells in middleaged dogs in comparison to younger animals. Gender differences were observed only on the percentages of T-cells, with females having higher values (Davila et al., 1992; Greeley et al., 1996; Faldyna et al., 2001) . These data in contrast with those presented on a longitudinal study which examined CD4 + /CD8 + ratios did not reveal any additional age or gender differences (Greeley et al., 2001) .
While the number and distribution of blood leukocyte of healthy individuals do not reflect specific immune responsiveness, they are useful indicators of the adequacy of the immune machinery. There is no consensus in the literature regarding age-related changes in number of leukocytes. In the present short-term cross-sectional aging canine study, monitoring of leukocyte counts from 4 month to 6 years of age revealed minimal change. Absolute counts of total leukocytes, granulocytes (both neutrophils and eosinophils) remained relatively stable, while absolute number of lymphocytes exhibited a significant decline with age in both genders. Analysis of monocytes showed an age-related increase on hematoscopy, not detected by flow cytometry. The hematological picture observed in this study is similar to the ranges previously described in the canine literature (Greeley et al., 2001) , and are comparable in those observed in human and other species (ComansBitter et al., 1997; Shahabuddin et al., 1998; De Vries et al., 2000; Felsburg, 2002) where there is an increase in lymphocyte populations after birth and a decrease with the advancing of age. In young animals the lymphocytosis is similar to humans as well as in other species (Panaro et al., 1991) .
The estimation of the percentage of NTNB cells (NK-like cells) was performed by an approximation of the sum of T-and B-cells to the total gated lymphocytes, since there are no clear markers for canine NK cells (Vitale et al., 1992) . Based on this approach we identified an important age-related decrease on NTNB cells, mainly when analyzing CD5 À CD21 À cells. This decrease may translate into an overall decrease in functional killing capacity, several studies suggest that the number of killer cells become compromised with age (Davila et al., 1992; Vitale et al., 1992; Mariane et al., 1998; Borrego et al., 1999; Greeley et al., 2001 ). In contrast others reported an age-related increase in NK-activity (Strasser et al., 2000) . There is no clear explanation for the differences observed in this study.
It has been proposed that absolute counts should be routinely performed by clinical laboratories to aid on the evaluation of individual cases (Byrne et al., 2000) . In this study we determined the absolute counts of lymphocyte subpopulations and observed that the age-related lymphopenia led to a significant decline on all lymphocyte subsets evaluated, including T (Thy-1 + , CD4 + and CD8 + ), B (CD21 + ) and NTNB (CD5 À CD21 À ) cells. In a longitudinal study in Labrador Retrievers a significant decline was demonstrated in the number of T-cells, CD4 + and CD8 + as a function of age (Greeley et al., 2001) . Whether these markers of chronological age will be useful as indicators of immunological changes with depend on their correlation with the immunological status of the animal. At present, correlates of immunological measures taken in early or middle-aged with ultimate life span have been established only in mice and human (Ferguson et al., 1995; Heller et al., 1998; Wikby et al., 1998) .
A major lacuna in the panel of antibodies available for canine immunophenotyping is on reagents to study activation and memory phenotypes, such as IL2-R. Several groups have reported potential lymphocyte activation markers at the CLAW meeting (Cobbold and Metcalfe, 1994) , including differential expression of MHC-II molecules as well as CD45 isoforms. While there has been some debate about functional significance of differential expression of these molecules, some studies have suggested that these molecules are powerful candidates as activation markers for canine lymphocytes. Both T-and Blymphocytes express canine MHC-II molecules in contrast with man and rodent where only activated Tcells express the molecule. MHC-II molecules was evaluated on canine lymphocytes from birth to 8 months of age and observed an increase on the expression of this molecule by canine T-cells over time (Holmes and Lunn, 1994) . These authors suggested that increased expression of the MHC-II might relate to exposure of the growing animal to environmental stimuli. CD45 antigen is expressed on all cells of hematopoietic origin, apart from erythrocytes, and is known as the leukocyte common antigen. It appears that naïve T-cells express CD45 with the exon unspliced while activated and memory cells express fully spliced CD45RO isoforms. One study in canine mycosis demonstrated the lack of CD45RA expression, interpreted as indicative of a memory phenotype (Moore et al., 1994) .
Since both, MHC-II molecules and CD45 isoforms are expressed on all lymphocytes and therefore, show a unimodal fluorescence distribution, semi-quantitative analyses were performed to evaluate differential expression of these cell surface markers. In these cases, the results were expressed as mean fluorescence intensity on log scale. Our observations also points out to an age-related down-regulation of the MHC-II on circulating lymphocytes. We hypothesize that this phenomenon may extend to immunoregulatory or tolerance mechanisms acquired as a function of the continuous exposure to environmental stimuli. High levels of MHC-II expression in younger animals may reflect early immune system stimulation of young pups (Holmes and Lunn, 1994) . Future studies are necessary to clarify the relationship between downregulation of MHC-II expression and different pathways of canine T-cell responsiveness triggered by immunoregulatory events. To the monitoring of the expression of canine MHC-II molecule by flow cytometry will be helpful for further characterization of the canine immune system. The findings of the present study support our prediction that immunological memory that occurs in the individual over time do reflect the changes on lymphocyte phenotype characteristics, since middle-aged animals presented lower CD45RA expression, compatible with expected memory phenotype of these animals due to higher exposure to immunological stimuli over life.
In conclusion, our observations on age-related changes lymphocyte subsets distribution in mongrel dogs highlights the importance of choosing the correct immunological markers for the evaluation of agerelated effects which are appropriated to monitor oncohematological, auto-immune and infectious diseases. Our microplate pre-fix flow cytometry methodology associated with conventional hemogram of the canine peripheral whole blood provides a powerful application for accurate determination of relative phenotype percentages and absolute number of leukocytes and lymphocyte subsets. The results of this study provide important reference values for future investigations involving peripheral whole blood from mongrel dogs, and middle-aged versus young dogs. This study also represents and important first step in obtaining meaningful senescence-related changes in whole blood parameters previously identified on PBMC.
